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[57) ABSTRACT

Measuring devices for small, high performance sail-
boats, sailboards and other watercraft comprise a trans-
ducer to convert pressure exerted by the water through

- which the watercraft passes into a gas pressure withina

chamber in the transducer, a gage to be carried above
the water on the watercraft, the gage comprising first
and second gas compartments connected by a passage-

way plus a liquid or solid free piston moveable in the
- passageway responsive to variations in gas pressure -

-occurring 1n the second compartment and a flexible
‘tube connecting the transducer chamber with the sec-

ond gas compartment to transmit gas pressure varia- -
tions from the chamber to the second compartment. In
one embodiment, the measuring device is a speedome-

~ter. In a second embodiment, the measuring device is a
~ depthmeter.

9 Claims, 7 Drawing Figures
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1
MEASURING DEVICES FOR WATERCRAFT

BACKGROUND OF THE INVENTION
1. The Field of the Invention = '

This invention relates broadly to measuring devices

to measure conditions existing between a watercraft and
the water surrounding the watercraft.

More particularly, it concerns new forms of (a)
speedometers for small, high performance sailboats,
sailboards, etc. and (b) depthmeters for boats that re-
quire no electricity to operate. |

2. Description of the Prior Art
 Inexpensive, reasonably reliable speedometers for
boats are currently available, see U.S. pat. Nos.

2,733,601 and 4,122,711. Probably the majority of such -
speedometers utilize stagnation pressure for measure-
ment of speed, i.e., they are Pitot tube devices, e.g., see

U.S. Pat. Nos. 1,885,933 and 3,164,016.

Pitot tubes are peculiarly suited to measurement of
-speed through the water at speeds above five miles per

S

10

15

20

hour. The pressure signal is normally read by inexpen-.

~ sive, diaphragm gages calibrated to read in miles per
- hour rather than pressure, see U.S: Pat. No. 3,349,615.

25

‘The Pitot.tube pickup is normally mounted to the tran-
- som of the boat with the pressure sensing hole slightly

below the transom, faemg in the forward direction, see . the present invention by the provision of devices for

U.S. Pat. No. 3,082,623.

- There 1s a need for an lnexpenswe Speedometer for
- high performance sailboats such as small racing catama-

" rans and sailboards. A speedometer of this type must be
- . unusually rugged because of the difficult environment,
- which includes frequent capsizings. Also the speedome- a5

not be left permanently on the craft. Because of the

ter should be easy to install and remove so the it need

| 30

. cramped and difficult conditions aboard sailboats of the .
-stated type, the speedometer must be quite visible and

easy to read. Devices of the present invention utilize
- stagnation pressure to provide new forms of watercraft
speedometers that satisfy these special requlrement of
-small, high performance sailcraft. |

40

For the measurement of water depth from a boat the .

most basic device for this purpose has historically been
the lead line, i.e., a light line with a weight tied to one

~ end to be thrown in the water and allowed to sink to the

45

- bottom of the water. As the line is retrieved, the length

of hine that was immersed in the water is determined,

usually via tags or other markers spaced apart along the
~line.

Lead lines are too primitive for the de51res of most

boaters, so many forms of more sophisticated depthme-
~ ters have been developed most of which are based on.

the use of reflected sound waves for depth measure-

‘ment. Such devices require electricity for operation, are
- relatively expensive and cannot withstand severe envi-
ronments such as are encountered in small dinghies,

open motorboats and sailboats or the like. Hence, there

1s a need for boating depthmeters that can report depth
by a direct reading gage, but which are inexpensive, do
not require electricity for operation and can survive
harsh environments. |

OBJECTS
A principal object of this invention is the provision of

2

surroundmg it, e.g., measurement of speed through the
water or water depth.

Further objects include the provision of speedome-
ters for small, high performance watercraft which:

1. Continuously display speed in an easy to read form.

2. Install and remove from a boat easily.

3. Provide a high degree of reliability and durablhty

4. Can be produced and marketed at low cost.

5. Require no electrical power.

6. Do not require calibration.

1. Are corrosion and impact resistant. |

Some other objects include the provision of depthme-
ters for watercraft which continuously display water
depth directly in feet in an easy to read form and possess
the additional features 2-7 listed above. o

Other objects and further scope of applicability of the
present invention will become apparent from the de-

- tatled description given hereinafter; it should be under-

stood, however, that the detailed description, while
indicating preferred embodiments of the invention, is

given by way of illustration only, since various changes -
and modifications within the spirit and scope of the
“invention will become apparent to those skilled in the. R

art frorn this detailed description.

SUMMARY OF THE INVENTION -
These objects are accomplished in accordance with

measuring a condition existing between a watercraft
-and the water surrounding the watercraft which com-

. prise
- a. a transducer for immersion in the water, the trans- -

- ducer including a chamber, a fluid outlet for the cham-

ber, and means to convert pressure applied to the trans-

‘ducer by the water to a gas pressure within the chamber
of a magmtude that is a function of the water applied

- pressure,

b. a gage to be carried by the watercraft above the

water, the gage including a first gas compartment, a-

second gas compartment, a passageway connecting the

first gas compartment to the second gas compartment, a

piston moveable through the passageway responsive to

~changes in gas pressure occurring in the second gas -

compartment and means to indicate the degree of the
piston movement, and

~ c. a flexible tube connecting the fluid outlet to the

second gas compartment to transmit gas pressure varia-

- tions from the chamber to the second compartment.

50
ter wherein the transducer comprises a Pitot tube, the

In a preferred embodiment, the device is a speedome-

- gage comprises a tubular section of rigid material hav-

1ng a closed top end and a closed bottom end, a longitu-

~ dinal transparent portion is in the tubular section, a

35

65

new devices for use on watercraft to measure condi-

tions existing between the watercraft and the water

longitudinal rigid strip ts within the tubular section
dividing it into the first and second compartments, the

‘means to indicate are indicia spaced apart along the
transparent portion. the passageway 1S an opening
- through the nigid strip adjacent the bottom end of the
60

tubular section, the piston is a liquid within the tubular

section in quantity to fill only a portion of the volume
enclosed by the tubular section, the first compartment is

totally closed except for its connection with the pas-
sageway, the second compartment has an inlet therein
for connection to the flexible tube and there is a tube
having a lumen smaller than the lumen of the second
compartment joined at its bottom end to the inlet that

- extends substantially centrally part way up the interior
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of the second compartment and its top end has a re-
stricted opening into the second compartment.

In another embodiment, the device is is a depthmeter
wherein the transducer comprises a tubular section
having a top end through which the fluid outlet passes
and a bottom end which is weighted and has an opening
therein to join the interior of the tubular section to
ambient. Aside from this difference in transducer struc-
ture, the depthmeter elements are like those of the
speedometer.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the new devices
of the invention and their use may be had by reference
to the accompanying drawings wherein like parts are
identically numbered and in which:

FIG. 11s a fragmentary, perspective view of a speed-
ometer of the invention mounted on the “dolphin”
striker” of a racing catamaran sailboat.

5

10

15

FIG. 2 1s plan view of the gage of the speedometer of 20

FIG. 1.
FIG. 3 1s a lateral, sectional view taken on the line
IHI—III of FIG. 2.

FIG. 415 a sectional view taken on the line IV—IV of
FIG. 3.

FIG. § 1s a fragmentary, lateral, sectional view of a
transducer used with speedometers of the invention.

F1G. 6 1s a lateral, sectional view of a transducer used
with depthmeters of the invention.

F1G. 7 1s a fragmentary, lateral view of a modified
mounting arrangement for the devices of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring in detail to the drawings, the measuring
device 2 of the invention basically comprises a gage 4,
transducer 6, and transmitter tube 8.

The gage 4 comprises a tubular section 10 of rigid
material having a closed top end 12, a closed bottom
end 14 and a longitudinal transparent portion 16 in the
tubular section 10. A longitudinal rigid strip 18 is within
the tubular section 10 dividing it into first and second
compartments 20 and 22 respectively. There is a pas-
sageway in the form of an opening 24 through the rigid
strip 18 adjacent the bottom end 14 of the tubular sec-
tion 10. A liquid 26 is contained within the tubular
section 1n quantity to fill only a portion of the volume
enclosed by the tubular section 10. The hquid 26 serves
as a liquid piston that moves through the opening 24 in
response to changes in gas pressure occurring in the
second compartment 22. Indicia 25 are spaced apart
along the transparent portion 16 to serve as means to
indicate the degree of movement of the liquid piston.

THe first compartment 20 is totally closed except for
Its connection with the opening 24. Its top portion 28
that serves as a gas reservoir is of larger cross-section
than the indicator portion 30 which extends longitudi-
nally behind the transparent portion 16.

The second compartment 22 has a cap 32 closing it
off at the top and a bottom inlet 34 for connection to the
transmitter tube 8. A tube 36 having a lumen smaller
than the lumen of the second compartment 22 is joined
at 1ts bottom end 38 to the inlet 34 and it extends sub-
stantially centrally part way up the interior of the sec-
ond compartment 22, Its top end 40 is closed and there

1 a restricted side opening 42 in it for fluid flow into the
second compartment 22.

4

The transducer 6 is held by clamp 44 on the dolphin
striker 46 of the sailing catamaran 48 for immersion in
the water, not shown, in which the catamaran 48 floats.
The gage 4 has a cord or rope 50 fixed to its top end 12
by which 1t may be held for use, e.g., on the boom 51 of
the catamaran 48.

The transducer 6 includes a chamber 52, a fluid outlet
54 for the chamber and a Pitot tube 56.

The chamber 52 i1s defined by a rigid tube 58 with top
and bottom ends closed respectively by plugs 60 and 62.
The fluid outlet 54 extends through the top end plug 60.

The Pitot tube 56 has a lower end 64 in which its
pickup hole 66 is located. The hole 68 in the bottom end
plug 62 tightly receives the upper end 70 of the Pitot
tube 56.

A mount lug 72 1s fixed to the upper portion of the
rigid tube 58. This is slotted to receive the ring clamp
44. Advantageously, the longitudinal face of the lug 72
may have a female contour to receive the dolphin
striker 46. In use, the transducer 6 is held by the clamp
44 on the dolphin striker 46 so that the pick up hole 66
points forward and is submerged about six inches in the
water.

As the boat 48 moves through the water at velocity v

5 1t generates a pressure in the Pitot tube equal to v2/2 g,

30

35

40

45

30

55

60

65

where v is in feet per second and g is the acceleration
due to gravity in feet per second per second. The water
moves up into the Pitot tube compressing the trapped

alr in the system. The water level will rise until the air

pressure equals the pressure caused by the velocity
minus the pressure due to the height of the water col-
umn in the transducer.

The pressure in the transducer 6 is transmitted to the
gage 4 via the transmitter tube 8 which is of small diam-
eter, e.g. 1-2 mm. O.D. and 0.5-1 mm. L.LD., made of
flexible plastic material, e.g., plasticized PVC. The pres-
sure transmitted by the tube 8 to the second compart-
ment 22 causes the liquid piston 26 to move down in the
second compartment 22 and up in the first compartment
20 (indicator tube) until the pressures in the compart-
ments 20 and 22 are equal, less the head pressure of
liquid 26 due to difference in liquid level in the two
compartments.

The rate at which the fluid 26 rises per unit change in
velocity varies inversely with the cross section of the
indicator portion 30 of the first compartment 20 and
directly with the total volume of that compartment.
Therefore, the rate of movement of the fluid piston as a
function of velocity may be increased by making the gas
reservolr 28 larger or by making the cross-sectional area
of the indicator portion 30 smaller. More importantly,
by varying the area of the indicator portion 30 as a
function of vertical position a nonlinear signal may be
linearized or sensitivity magnified for a speed range of
particular interest. An interesting aspect of the new
devices is that they do not really measure pressure di-
rectly, but rather indicate changes in volume of quantity
of air or other gas in the first compartment 20. Thus, the
fluid 26 acts in much the same way as a piston. In fact,
for certain applications of the new devices it is possible
to substitute a free piston indicator (not shown) for the
fluid piston. For such modification, the indicator por-
tion 30 would be a simple cylinder with a trapped gas
volume on one side of the free piston and the imput
signal on the other side.

The present invention utilizes the phenomena that
although the pressure in the transducer 6 will rise to 10
to 15 psig. at higher velocities, the actual pressure dif-
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ferential between the two compartments 20 and 22 in
the gage 4 is so small as to be trivial. Because of this, an
inexpensive, flat piece of plastic may be used as the
separator strip 18 and it is this same, flat separator that
makes the gage highly readable. ~

- The rate of response of the gage to a change of speed
~ may be adjusted by means of a small capillary (not
shown) in the flow outlet 54 through which the gas
must flow to get from the chamber 52 to the transmitter
tube 8. I

- The fundamental principle of operation of the new
speedometers 1s the use of a pressure measuring device
which interprets and presents stagnation pressure as a

reading in miles per hour. It is worth noting that at 30

mph. The stagnation pressure is equivalent to a column
~ of water 30 feet high or a pressure of 12.9 psig.” |
- The theory behind the new speedometers is that if the

pressure produced by movement through-the water is
caused to act upon a trapped volume of air it will com-

press the air according to the formula PiVi=P,V),
where Pj is the original pressure, Vi is the orlgmal-

10

__ 6 _
final connection is made, the gage should be checked to

see that it is properly zeroed. This can be done by hold-
ing 1t vertically and looking through the transparent

portion 16 to see if the top edge of liquid 26 visible '

therethrough is at the zero line. If not, the gage should

be zeroed by holding it almost horizontal with the top
‘end 12 slightly higher than the other end and with the

transparent portion 16 facing up. It is held in this posi-
tion for about a minute. When the gage is returned to

the vertical position, if it is now zeroed, it is connected -

to the tube 8. If still not zeroed, the correction Operatlon -

~ as described should be repeated.

15

‘The new speedometers of the invention provide accu-
rate and reliable speed measurement for high perfor-
mance sailcraft or other watercraft. They can measure

- speed to 30 mph. In the full range 5 to 30 mph. the scale

20

compressed volume. The fraction of the original vol-

- ume lost due to the compression is given by the formula:

P

...‘!.K_= 1 __.................__] |
oL P+Yg |

Where: |
~ Vis the original volume In lnches cubed
dV is the loss of volume in inches cubed
v is the velocity through the water in ft./sec. .
. Pis the original pressure in feet of head (atmospherlc)
g 1s the acceleration due to gravity (32.2 ft/s/s)

35

25

divisions are very nearly equally spaced making it easy

- to read across the full range. The mounting as shown

and described above has been specifically designed for
boats having a dolphin striker. However, as shown in

" FIG. 7, th ing fied to mount
- volume, P; is the compressed pressure and V5 is the G. 7, the mounting system can be modified to mount

on the transom 74 of a boat. In this version, the mount

-unit consists of a clip 76 and no transmitter tube is

needed since the gage 4 is attached directly to the trans-
ducer 6.

The depthmeters of the invention are much like the

- speedometers except for the transducer and, of course,

30

- This formula gives the fractional loss of volume in the '

'- tIOl‘l of the stagnatlan pressure due to velocity, v
‘In the measuring devices of the invention, the air

reservoir volume in the chamber 52 above the Pitot tube
1s such that the cross-sectional area of the chamber is

L ]arge compared to the total volume of gas (air) trapped
~ 1n compartment 20 against whlch the pressure operates.
45

- This means that the volume decreases and, hence, the
‘pressure Increases rapidly as the water level in chamber

 confined space (first compartment 20) from the applica-

the indicia along the transparent portion 16 of the gage .

4 indicate depth in feet rather than speed in mph.
A transducer 86 for use with the new depthmeters
comprises a chamber 88 defined by a tubular section 90

- made of rigid plastic or metal tubing, a top end plug 92 =~
~ through which a fluid outlet tube 94 extends to which = e
. the transmitter tube 8 may be fastened. The bottomend .
96 of the tube section 90 is plugged with the lead weight S
98 through which the central hole 100 extends to join =~
_the chamber 88 to ambient. A releasable check valve ..

102 or similar means may be included in the upper end

40

20 rises. This permits the highest expected pressure to

be obtained without risk of the water level rising into

the transmitter tube 8 which transmits. the pressure

- signal to the gage 4.

50

The indicator gage 4 is somewhat analogous to al

tube with one leg closed and the other leg connected to

~the transmitter tube 8. The bottom of the U tube is filled
~with a semi-opaque fluid, e.g., light mineral oil contain-

B ing a dye. When the pressure in the transmitter tube
- rises, the air in the trapped leg of the U tube will be
compressed and the mdlcatlng liquid will be forced to
rise in this leg and fall in the leg connected to the trans-
- mitter tube. Except for minor corrections due to pres-
sure head of water in the Pitot tube and that of -the
indicating quuid the rise of liqud in the closed leg of
‘the U tube is almost linear with speed increase from 5
mph. upward, despite the fact that pressure varies as the -
-square of the speed.

The speedometer 2 is easily assembled from its parts
by Inserting one end of the tube 8 about & inch into the
transducer outlet 54 and the other end a like amount
- 1nto the inlet hole 34 of the gage 4. However, before the

35

60

65

of the transmitter tube 8 to hold the the indicator fluid -
- 26 at the maximum value attained during an immersion
- n the ambient water until the user can make a reading

at which time the valve or other means may be operated

~ by the user to allow the fluid 26 to zero or seek a new -
depth value. This check means arrangement can allow
‘the depthmeter to be used much like a convention *lead

line” which is cast forward on a moving boat to sink to
the bottom as the boat passes over the spot of contact of

the weight with the bottom.

In use, the depthmeter is assembled by connectmg the
transducer 86 to a gage (not shown), similar to gage 4
graduated In feet, via a transmitter tube 8. The gage can

-be hand held or supported on some part of a boat above
the water. The transducer 86 is them thrown into the

water where it will sink rapldly to the bottom. As it
sinks, the gas (air) volume in the chamber 88 decreases
thereby reducing the buoyancy the lower it sinks. The

“depth for measurement is limited only by the practical -

length for the transmitter tube 8. Excess of tubing 8
when measuring depths less than the maximum does not
affect the depth reading since, unlike a lead line, the
tube 8 does not need to be straight and taut from trans-

“ducer 86 to the gage to obtain an accurate reading.

As previously indicated, various modifications of the
new devices will become apparent to those skilled in the
art from the foregoing disclosure. For example, two
separate speed ranges may be incorporated in the new
speedometers by providing two separate, different sized
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gage tubes and including an indicia scale for one such
tube on one side of the transparent portion 16 and an-
other scale on the other side of portion 16 for the other
gage tube. Depending on the speed range to be mea-
sured, one or the other of the two Pitot tubes will be
inserted in the transducer 6.

In an alternative form of a two speed range speedom-
eter, the transducer may be structured to operate two
different gage tubes at the same time with a central
flapper valve (not shown) connecting the tube to the
inlet 68 of the chamber 52. Change in speed range
would be obtained 1n this modification by switching the
flapper valve.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. A watercraft speedometer which comprises:

a. a transducer for immersion in the water in which
the watercraft floats, said transducer including a
tubular chamber having closed top and bottom
ends, a fluid outlet for said chamber in said top end,
and a Pitot tube connected to said bottom end,

b. a gage to be carried by said watercraft above said
water comprising a tubular section of rigid material
having a closed top end and a closed bottom end, a
longitudinal transparent portion in said tubular
section, a longitudinal rigid strip within said tubu-
lar section dividing it into first and second gas
compartments, an opening through said rigid strip
adjacent said bottom end of said tubular section
providing a passageway connecting said first gas
compartment to said second gas compartment, a
liquid piston moveable through said passageway
responsive to changes in gas pressure occurring in
said second gas compartment and indicia spaced
apart along said transparent portion to indicate the
degree of said piston movement, and

c. a flexible tube connecting said fluid outlet to said
second gas compartment to transmit gas pressure
variations from said chamber to said second com-
partment.

2. A watercraft depthmeter which comprises:

a. a transducer for immersion in the water in which
the watercraft floats, said transducer including a
tubular chamber having closed top end through
which a fluid outlet passes, a bottom end that is
weighted and has an opening therein to join the
interior of said tubular section to ambient,

b. a gage to be carried by said watercraft above said
water comprising a tubular section of rigid material
having a closed top end and a closed bottom end, a
longitudinal transparent portion in said tubular
section, a longitudinal rigid strip within said tubu-
lar section dividing it into first and second gas
compartments, an opening through said rigid strip
adjacent said bottom end of said tubular section
providing a passageway connecting said first gas
compartment to sald second gas compartment, a
liquid piston moveable through said passageway
responsive to changes in gas pressure occurring in
sald second gas compartment and indicia spaced
apart along said transparent portion to indicate the
degree of said piston movement, and

c. a flexible tube connecting said fluid outlet to said
second gas compartment to transmit gas pressure

variations from said chamber to said second com-
partment.

>
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3. The depthmeter of claim 2 that includes means to
maintain a maximum reading on said gage until released
by the user of the depthmeter.

4. A meter for measuring the depth of water sur-
rounding a watercraft which comprises:

a. a transducer for immersion in said water, said trans-
ducer including a chamber having a tubular section
with a top end through which a fluid outlet for said
chamber passes and a weighted bottom end with an
opening therein to join the interior of said tubular
section to ambient,

b. means to convert pressure applied to said trans-
ducer by said water to a gas pressure within said
chamber of a magnitude that is a function of the
water applied pressure,

C. a gage to be carried by said watercraft above said
water, said gage including a first gas compartment,
a second gas compartment, a passageway connect-
ing said first gas compartment to said second gas
compartment, a piston moveable through said
passgeway responsive to changes in gas pressure
occurring in said second gas compartment and
means to indicate the degree of said piston move-
ment, and

d. means connecting said fluid outlet to said second
gas compartment to transmit gas pressure varia-

tions from said chamber to said second compart-
ment.

5. A device for measuring a condition existing be-

tween a watercraft and the water surrounding the wa-
tercraft which comprises:

a. a transducer for immersion in said water, said trans-
ducer comprises a tubular section having a top end
through which said fluid outlet passes and a bottom
end which is weighted and has an opening therein
to join the interior of said tubular section to ambi-
ent, including a chamber, a fluid outlet for said
chamber, and means to convert pressure applied to
satd transducer by said water to a gas pressure
within said chamber of a magnitude that is a func-
tion of the water applied pressure,

b. a gage to be carried by said watercraft above said
water, said gage including a first gas compartment,
a second gas compartment, a passageway connect-
ing said first gas compartment to said second gas
compartment, a piston moveable through said pas-
sageway responsive to changes in gas pressure
occurring in said second gas compartment and
means to indicate the degree of said piston move-
ment,

c. said gage further comprising a tubular section of
rigid material having a closed top end and a closed
bottom end, a longitudinal transparent portion in
said tubular section, a longitudinal rigid strip
within said tubular section dividing it into said {irst
and second compartments and said means to indi-
cate are indicia spaced apart along said transparent
portion, and

d. means connecting said fluid outlet to said second
gas compartment to transmit gas pressure varia-
tions from said chamber to said second compart-
ment.

6. The device of claim 5 wherein said passageway is
an opening through said rigid strip adjacent said bottom
end of said tubular section and said piston is a liquid
within said tubular section in quantity to fill only a
portion of the volume enclosed by said tubular section.
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7. The device of claim 5 wherein said first compart-

ment 1s totally closed except for its connection with said

passageway and said second compartment has an inlet
therein for connection to said flexible tube.

~ 8. The device of claim 7 wherein a tube having a
lumen smaller than the lumen of said second compart-

ment 1s joined at its bottom.end to said inlet, extends

“substantially centrally part way up the interior of said

second compartment and its top end has a restricted

opening into said second compartment.

10

15

20

25

30

35

40

45

30

55

60

63

10

9. The device of claim 5 wherein said transducer
comprises a Pitot tube having a lower end in which its
pickup hole is located and a open upper end, said cham-
ber 1s defined by a rigid tube with closed top and bottom
ends, an opening in said bottom end to tightly receive
said upper end of said Pitot tube, said fluid outlet in said
top end and clamp means fixed to the outside of said
rigid tube by which the transducer may be attached to

a watercraft to extend into the water surrounding said

watercraft. -
3 %k - 4 %
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